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(57)Abstract: 

PROBLEM TO BE SOLVED: To reliably sense the resistive state of a 
memory cell in an MRAM device. 

SOLUTION: The resistance of a selected cell 12 in the MRAM device 8 
is sensed by a read circuit 20. The circuit 20 includes a direct injection 
charge amplifier 28, an integrator capacitor 24 and a digital sense 
amplifier. The amplifier 28 supplies current to the capacitor 24 and 
meanwhile, maintains the potential of unselected memory cells 12 of the 
device 8. The amplifier 28 applies a fixed voltage to the selected memory 
cell 12, and the digital sense amplifier 26 measures the integration time 
of a signal in the capacitor 24. The signal integration time represents 
whether the resistance of the device 8 is in a 1st state R or in a 2nd 
state (R+AR). 
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(57) [m^] 

'5- ft W*,J;<iSat 

[||j.lAip.p'5^] MR AM-fV v-f X ( S ) ^CMiKt^ilfz 
>i ^ \) -t ;l ( 1 2 ) c?)S£a{.± , M^AtH L I1IS& ( 2 0 ) tc 
M^tiiL W ( 2 0 ) {±, (tSaA 

«(tJtitils (28). m■'rrrs^^'r^> 9 (24) .Jik 

(2 8) li. m-^m^Xi-^ (24) tljfi^ffi^&t 
I,— :^f. MRAMr'v^X (8) t U ■fe;^• 

( 1 2 ) !7)«f4^ltWtl. .. VMmmi ( 2 8 ) {i. El 
jE'lE'Sr)lfK$3X/c.?<* U-t;l/ (12) icEpjpt, 
iJ'/H: y7.ig<ill ( 2 6 ) {4. a^H^^^-^v^ ( 2 

MRAMfVN^.X (8) CO&mm K^'^tmXP^), 
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I. Bijiea,««iifcWPa«^tMfifci:beti>. ^yxm 

15157° U -t ■;/ h l-- i-'^?-. ^7 rMlZf) 'y >' ^ t -Mt S ilX 

3(cia«(7)iiisi. 

(i, 

ffiiiE* ^ > 9 , ifiiaa^^iit:i3fti.«jEMas*m 

E(ii'l3t1--& it-iOBt^ftcO^ 1 <7j}|i|5gSr . ii'-'5:< t i> 

itiia» * a^^nis^fc - -i'-'O: < > --:>mmimm 

Sr mia^ ^ 'J ^^^^ ^ ^- -ti: - 



(cfaicc7)iiis§. 

[ftjRiMb ] wm:^^>^i3.mmi^-yx9i^^. 

mMl^'Jx9co^'^ii-. TS7'J "/7'70-yr^-^A, 

friaTM7 1; "/7°70 -y7W*^{i:, i^n 'y ^- AtikQ 

|Ji,t)k^*t, mEi^>x9co-r)iimT{S.^'y 
KL. |fiiaVi^'^'-^^0J^'i<^--''5<±*-t-ffit'-y h*rffiffi 
t, 

itriafaTfi f 'y ^ ^^)mie7 u >y r 7 u -y rm\U9 p -y 

mmmX 7 h < #7 'J 'y 7°7 n -y r«aQ{ii 

Mi. mz^iimy 0 -y 7°7 o .y rc^mria^' d -y ^'^v^j 
Ma*±{i[f-y biofjia? y -77" 70 "/rc^miQUiti 
=mm2i;zimms^, 

I m-m 7 ] fiia# i-- ^---^ t± - Wie7 u ^y r 7 a -y 

ig:g-7>y^S0ai^3l4, P^ji-tl.|iriE7lJ 7 7-70"/ 7'(^ 

miaQ*:^ mm^mh . t mm ■tmm 
6(ciaa»0i®=. 

Mji L ;tfiia7 U -y r7 n -y A^J-tl- EISI^ § ^ t 

miaft±©.t"'y h^ofiiainis*«Mia7°'j-te>y yA 

l;;S«IE V D D i.;JS-^$ixT ft ^3 , 
ffiaST (u f -y F ar Hit- < mia# 7 f-co m laiiii] Si - 
\.zm.<r)\' 'Jx9mmB<^mtir^)'t'y vx 
^km^^KXy.-^h. CJ:^«Fmi:tl.»*il7tcia« 

[0001] 

my9'j^r9^x^ ^ v (cM-r^ . J; oftfts^i-ii:, 

[0002] 

immw]m.myifJ^T9^xA^') i tmra 

Mj ) {i, ftigraf'5r-^iB'fiffli:#i-'^txTV>l>^if 
^•14;^ Li t"J) I) . MR A MtV s' X l,zMt hM^Hit 
■ m^TlP^W)f^ii. ^^-)^f^X9¥'^^ycr>X-oKi:U 
^cr>mWMim'rr<.^ 7.l:zmilf,^li'<l ■ »^ii^tSl 
ffi'H, 3SV>7j--/T"^ffSil^, tntX. MRAM 
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[0003] Am'^tcMRAMr ' ^'i XJj, ^ t U 

<?)ri- -^ ^r#^-Cl."•«■i.„ v-Kil//^^ 'J-t';iiOtTto"0 

I , # t ij -tilli. 7- H a^^) '} 1 *t f •;/ 
[ 0 0 0 4 ] 1 1 J -t , 1 f -y ^ crMm , H^t* 

[0005] Ea(l:A-|4]!±, Xh-> hy^^/lT'<-f 
•b^L-cOffiati, Ii(t;:^[6]7)'¥tTt"S)ii{4'Bl «€RS:* 
coffitftii:* 2 c?)eR + A mzWintl , SfRSit^^^;^ ^: 

1 0 0 0 6 ] mmmii , st)^§tt./i >< ^ li -t/i. till 

{4-l:>,Xl;iStJti^J-tl.. 
[0007] 

<?3$ ( 1 1. _X t U -b ;U c^)ffiii(C^ L ^ ( ;>< ^ U -fe 

mtifzmn-x mti:mmi:-^ixuii§-^iz. /J^ 

$ ^HSJIA''^ $ ill. h a^'J) I. . ■- ^Mlff 

[0009] mtm.'yMmzmiimm.<^if:^ii. 

T^'^'tj;. ;><^'J-fe;l'4'<50fi!iic?;)¥±^tt^. 2-3 a<'') 
[0010] MR AMtV v-f X'pcT):^^ U -t^KTJfifi^^c 
[0011] 

x-^xmrz^hi. :^mnmmwdzxiiii. mra 



txcomRmmi. mtmmmmmt mti z 

[0012] ^?%m(r){mmMioii/mmi. ^wn<^ 
wmml>zX'oxmlxv^mTmm^J:m.m^ . » 
Wc^jiiffit*(:#iS-f ?..r t i>zx -iX. mhmz^s^x 

[00 13] 

[ ^mc^Mtrnwrn ] ts^ a &^x-mmi,z^ tsnx^-^ix 

[00 14] Z-lxmii:WJkt^fb. -IfOHlJi:, ;>< 
^:U-fe;H 2cOTl/-f 1 0^-i-ti'MRAMrV'\-fX8a- 

fH/^Ti^^„ p<*U-fe;H2{i. #*5j:t;f(JtcK?"J?it 

Tfc'K ff{4x:^l6](cffiti<\ 5iJ(i:y:<jl6]t'ffiy'TV>-l.., 
^%m(^)tMiM^ittlf-:^''Z. ibKB^ii'-acOjjf^: ij 
-fe/H 2S0^A*%Siit:v^l>, ^ffl±{i:. 1 0 24X1 

[ 0 0 1 5 ] 7- FUl 4 i: ixm^fl ^ L-'-^ii:, 
;><tiJ-fe;l^TV-^ 1 0<?)-*(7)ffll<?)-¥WF*!l^. x:^r!t] 
(Cffiy'T V>l> , t'-y Ml 1 6 t LTUfg-ri) ^ v-x 
(i, U^:;lTl'-f 1 0<7«i7X|i|«-¥ffirtSr. y 
tmi:ZmJ/XV^l, TVA 1 Oi?)^WC*ft-Cl*«07 
- 1 4 t , TU^IO CO^mizM IXI^CO 
t"-yMll 6t^1fi±LXi,Xy^:. --S-.^^^ U-te/H 2ii:. 
MlJbtl 7 - K« 1 4 i: e -y Ml 1 6 1 tea t 

[ 0 0 1 6 ] U -fe/l.' 1 2(5. *$5e(7;)*'^ 7V37^'A'^ 

xm'&^tii'^^x'ii^^y, mm. ^^')-t)ii2 

ii. xfyfSffSby^^.'l-- ( rsDTj ) rJ<^xxh 
oT j; mm^j: S D TtVH x{4. r t ygto 

(pinned) j Ifc r 7 tj - j Ifc ^r^/vta^^S . t°y-g 

J: ate, ilJE&ilTl^l). 7>J-S{i, eygis'^.SiiT 

rtKi)ZaLTV>|> I3ts;t0ffi ( (easy) j ffi) iCip 

2 ocO:^|p]c^Mii»HC[ti] < I i: ^^T'^ I. . 7 ij -Jf 
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5 0<mitt\:^y^^95 2<mitt-b^ (II2 (a) 

-nmi r mi J h t mhfi7^ , 7 ij -1 5 0 <7)iefi: 

t t°>SJ615 2c75«fti:*^ (112 ( b ) O^^EPfS^S 

tT J "C"f.) -i) "ai?^ I h „ 

COO 17] 7iJ-lfctySii61J:ii, ^^tth>;t^ 

JIc7:)fflWfi'j^rltfI:S"[fi]coMa t -t § 

[ 0 0 1 <S ] mzM. 'J -fc/l' 1 2(7)ift}5ili, 7 \) - 
IfclL't >§a61i7)iS(l:S'l*]//Wt-\t)l) t . IS 1 <50 

^ U ^2 il 1 2 2 (TM R + A R iCiSiDl" o A 

[0019] f-^li, it8(b^7 'J-lcoS^fW.-ja-' 

L T i. i < , eMb*I^O*'K¥^^1^^:§ i 5 7 'J -«« 

1 2^cie'|■iLTl)J;v^, 

[ 0 0 2 0 ] ^ ') -b/l 1 2 It , ^-hilv <V-*^'"fr'?i L 

:itih(r)^ ^ g -fe^n 2 (i^»^ttt-|) !> o 
1 0 0 2 1 ] MR AMt^n-^ ;^8{i:i7t, M^WiW^ 
^IZV- Fia 1 4 ^StRtSff f :J-/ 1 8 ^r^^t'V^ 
!> V- 1 4 ',5 . Ml; 1 4 ^rJStMSicI"-!. C t 

[00 22] MR AWf^U XSlitfz, MAffiLttf^ 
43(cSfR§i'l/^,><t U-b'!- 1 2»jg;fii$:!Sai-r?>iTC^ai 

«oigftsr*r6i#«t-g.«*jA<?;i^iii8&i 9fc*#o. sg^ai 

10 0 2 3] »!:^tt5 1 W2 OJi. II^mT^TU 
il|g&2 2, 1t-5i-§|^-\-.'-?x^24, 7=V:?;P-fe>.Xii$i 
^2 6 , ittgaA«#iiiPiS5 2 8 , i-iX-l/U-ty hX^ 
•y^3 0Sr#O. ^tU-fe./H 2{±, ffTHUXAxSr 
ffT^-^' 1 8 tao^ijr F A y Sr .Xr T 'J 

>^'«2 2(cftj&-ri.ittJ:'>t:, mmtih. \i 

TKPXAx(C{D§L"C, fir-f'^-^'l 8ii. 7- Kit 
1 4&JMlcfe^$-li:l>. sijTFl^XAytClE^ti:. 
Xt^T Ij > i?"ll]S§2 2{i:, t"-y Mil 6 S:'t?^titel52 
8(c«g^-$-ti:-i.., MR^ixf^^tU-fe;l,-l 2{i, StKS 



[0024] jffiRSi'L/i^^:U-t/ki7)?lJt.*Jt-C, tft 
>i7.«Wiafl*l2 8(i. -ecOflf^^^-VAV:? 2 4(c€ 

,j<=E'J-bJH 2c7)ttf4S'^it^t'l>= MRA 

MTv-f 1 0£7,)fKMffiff*5cti>'?iJtt'ninSiifc:l;fitc« 

LV^, mWliiill2 8ti:, HSmE^SfR^^X'tt;--/ h 

A\ »5>S^^'^"j^:5'2 4(cftl&§^ll>o fi>':?;H:>- 

xji>iiS2 6!i. mmmx^^m^th.. mn^^ 

. -a , m 1 Otf (state) R * 2 <7)il (state) 
R^ LR.myihh.lr^hh:^'^ U -b/l- 1 2 Offititc^)^!^ 
Xhh. Ti^"^';l--fe>XiifiS2 6ii:. ;^^ij^r;l-l 2 
tfOffim^. t>w>T{j:^iO;<^'J-fe^H 2(^la'[t^^^•r 
V ■> ^ t»ffi , fl#m7]-B*ra IS II t Wi-t hZt (c i 
-:'i:v^,5Etl>-i»'t'#'S^. r>^^';H:>Xiili^2 6 
c7)aj/JJ±ttl+Jl->^'-^;^' 3 2tftl^^S^X. CWHi^JVvX 
3 2{4, MR AMt-'SW X8C0 I /O^N°>y H 3 4fcSS 

[0025] M^!liLlllSI2 0{±. r-^'Srinf"/ he?) 

Ub:/t^l 2(7)fiami»'''^B#lc®tt$ixl., mt\l. k 
*«r«it 1. f-y Ml 1 6<7)^ 1 cr)/;L~r*'f® 1 iO« 

2 8 § ^1. k *(7)PMi-r I. f -y f il 1 

6 2 c?) /'l~T*5^ 2 C7)®tii«§ff 2 8 tc^fifk § 

iXl; h V> 3 J: 'J iO-ei) oT 1> i m f 7 ]-c7)7- 

F{i, mfflc03i^L/tbyxJ«{iS2 6/l:wiiiiS2 

[0026] *-^^)r i'-r/I^-fe>'^-iiiiSll2 6*i'6 4?iJ 
h" vf-(C7 -f fT§ I. c S icii, T-i^fi 1 6 K'-y h 
7-FfcLTiB«§ii. ;<^:y-b/H2i01 0 24X1 
0 24i?)Tl'-f 1 OiC^fLT, 1 6(ic7)-te>XiM«2 
6»^'ffiffl§tL#.?.o ^-Itt-k = 6 4c7)f7biil 6A^', 
#€wt||SI|2 8C#S(l:'SW#l.. MRAMt.'-?-^ X 

ilfll7 Sr t ) (cJi. 3tJPK;l*^tf>(?)f>y h 

1 6 *v, l^iigSI 2 8 . 
C 0 0 2 7 ] #7vTr U VT'lISS 2 2 {i 1 -fe 7 hcO:^^ 

«,Ei® i tsl^if ffiSi 2 8 icftjfut . #x-f T U y 
^■■iggg2 2{i, $^>t?^|Jf3-^'••^#^T•^^l.. ?iJt:j 

■y Mi= 1 6 ^«#titiis 2 8 (cfiii-ri) . \^<^ knwsK 

[0028] ;X(I|13 ^#HS-tl. h . m'ilt. 

2 6 ^ffiv >t V ^1. , ilin Sii^c;^ ^ 'J -t/t. 1 
2{±, ffiSt^ti-stft^SiiTV^I.. 



!(5) 001-184 857 (P2001-184857A) 



[0029] ij-fe"/ h^.'f ■yf-30{i, PM0Sf5> 

>x x-h o -r t. J; ^ > n-WMmm"^ s i n t\± , g 
-t -y ]-xA -y^f-s oii'^y (MM) y^xh^yj^^y 

3 0 >f)5ji- >• S^tl- h , lif «EV D D // , mmiXVM 

mm^ 2 8 'c«■5i■f5^^-^^"^^ 2 4 fcit-^'jifRS 

-Tf'<zy^2 4li. mi (^irnti^ 'J -b b X -y ^ 3 0 i5 

J; uqilK^it't ^ 'J -fe '1- 1 2 <^ ^ IX P 1 ic 

0 m 7 t . miKWz:<^V ^il' 1 2 arjir. t 

I?' 2 4 i-^ J;y'jltR$?i>t;'< t 'J ^r/l-- 1 2 Srji.SIS2 iO^t 
.XP2t?{,^oTeit-t.g.. ;«S2(?)€-§-«i. 'm.^ii 

7t.X€LJ-bH 1 2>!)^»i.c7jl|it>, MRAMTl^^ 1 0|*I 

c7)S4«iifit^a-tf> MRAMTV-f 1 0 
tRMR.AM.>{tU-t;H 2tCto{t-i.ttE'^>ti6t. ±# 
[0030] a^U'lEA^iMtR^ii/'c^ t 'J -fe/l-- 1 2« 

[003 1 ] itttaA«ft)ltetl 2 8 W , m 2 CO ( ^:: > 

V s ^ & „ '&mi:}fi'k^ t >J ^2 A' 1 2 CEPJn « i 1 

ijii. a D oM5ij.>< * 'J *^ 1 2 {zmtkmhi^t $ 
mzmim^zmn lx ^ o . y-x^Ev s izm-m 

[ 0 0 3 2 ] 'J -fe/l- 1 2 [A]C0€Eairft'Jvft.1-|)l: 

tsa7sm?tiitiii 2 sti, 1999 / 1 0 / 2 9 aii<?) 

*IIttrF,4ill.O 9/430, 2 3 8^ ( -ftaAMS^ 
No.PDNO 10990999-1) tH^HSitT^-^^ . ti:i5. ISO* 

^;-rt>cosii-&. EJsaA«?s«fiS2 8i±. 

E (■r^ri^*^- -fe> xnEvs ) itm.itmz%mL. ji 

[00 3 3] ^^lU-tiH 2SOffia*5J;t«Ms^^'^ 

> 2 4 (^Mmii , 'J ^ -y ^ 3 0 *?iV >?t fSlC 

T*7]-§ff=^r ^^i^i^" 2 4»^'>:'i^;^i(tft3i^■:Sl$^'tl.^>S• 
r 1 J ) J: D i - .X ^ I) -fe 'I- 1 2 *'jftRR 5:* LT ^1. 
i:i (lira roj ) (Tyt^K m!n^^-^^'^>^2A\iM 



m^zwm-h. 

[ 0 0 3 4 ] -fe yxmm^ 2 6 i± , mm^im% t 

-C , mWi iXf~^ ^: U -fe/P 1 2 <7)ffiei^;tc«J. tA>''>t{iS 
^: U -b/l- 1 2 \,ztm^irrzmw&^1k^t 

h., ^yxmU^2 6li. dfA'.'^vi'SEVintgSrDC 

a»mEVrefk]:b«etl.J:t«S3 eitti. -feyxiS 
ilit52 6ti:$4t, Nt'-y h(?);?7'^y:J'38. SJ^^IS 
•?O.y^'4 0, t5Xtfy-h4 2^-^tK y-f4 2 

ji , ^' n ■•/ ^ 4 0 ^ m^iiii X vm±t h fzmzmm $ 

iX. :7^•y^'40i■±. ^'^>^'38tC, 7n-y:?MIi^a 
3 0 Al-t 7 L 7t t & C ^' a >7 4 0 -ffifMh ^ix, ^ A- 

} 9 '9&y\^tiifi^wmssr%i\zm l < 7t t ^ 

\.Z9 n .y 4 0 ±tl. t , y^ 3 8 t:iEltS*i 

f^n^y^mi. 2 4 i.zm-ihn&ti' 

»-Pl;jEVref * f ftTtl. fvTiftcOWHl.* *t i t ^Z 

[0 035] fi^y^ 3%^^ti-^y9WiZ^)'Z'vV 

-ftf (C;^^ U-t/H 2&a<?^!±Jl'^kl'i-^'^^ ^WL- 

[0036] is^ait«jf^7t)S«tT$ii^iiit , mm%. 

L,a:lC. ;^'*?y ^'fic?)ft±lif.y hti, ilMStlit^^ 
'J-fe/H 2(CiB'|-ISitT(-^&lia«Sr«-t„ ij^y^^^ 
8«0«±i2*?)tli:J^DOUTi±. l.-i^"X^3 2tlS-^§n 

[0037] ^^wmiv^v -ty 

xmm^2 0 0 nA~5 0 0 n ACOKH, MWMEVD 
D-¥3. 3 V , Slp«EVref 1 . 0 V , n -y 4 
0«7Q>y7M»icx>n OOMHz. ioj;V-9b'-yMI 

m^yy^ss izm^ti Xotc^^ x<,z^ixx t x 

[ 0 0 3 8 ] ^^o 7 J'c7)|ij;^Ai' 10ns (C^Ll^t ^ 
(C. ft/ht'2 0 0nA<7)DC-fe>,Xl;sfiA\ 2. 3VC0 
(VDD-Vref) t;ittl.«^^^^^°i^^ 
2 4<7;WMC «r 5 1 2 U<!VT^t. 
[003 9] 400n A(D-fe y^-^%^ I s ^^aJpltil 
r 1 J SrIftU, 3 5 0 n A(^-^y X^^'ifim^WM 
roj S:*-f, «?ifL-fe>'-xrn-feX{i. -feyx.i;Mi s 
^^^yi'iM c N T i/zm^-f hfjK :z<r)ti'^y9^ c n 
T(i, 9x3-/9 A ocnWM&i. n&y^Ayy (vdd- 
vref) . iiix/m.m^^f<'^9 2Ammzm^L 

X. CNT bin (C> (VDD-Vref) xlOO/ 

I s ) x%i. mmim r i j 25 smm^y^ 
(t4-^*>o , 111, 111. Ill) 

fL, ^JMfea r 0 J {1, 2 9 2ffiliOA^> ^'111^ (tt- 

b*,. 0, 100, 100. 10 0) ic^msni'. 

[0040] •fe>Xti^§|2 6(i. $ A>CN f-y h W 
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ft^ ... 7° <J-^-/h V 4 4 (i, #jE«(lfn~ b' 
Sill. C t t-C^ I. ( W;t{f , WEiO^^a^tcfiO , 2 

R AMrVN'f XScO I ..-' O..'-?-:/ K/j^siftl&Si-l.^ ^ t A^' 

[ 0 0 4 W'Jy 6//, i;-fe ■■/ h-.^- 'f 'i/f-B 

0 , :^ 3 S , 'f- 1-42, *3 J;t'^TlJ -t M^>' 

J' 4 4 SiJIMt h /iiolciSH t'ai'tt V> !> :3 >• h n~ 
94 6c?)$!jffllTt\ r>''^/l--fe>-^^l§ISII2 6{i. 
li t- t/ZT-t o .li'toC7)^^-§^:- 

MRAMtVHXBW I/'0.^^y FiCfi-"-$:ft*^ 

[0042] J{CtCll4-llS f #Ef3-tS t , .;ix^;>i7)il 

^yy)V(m'mmmh^'^Tfi'm^ixh > 

'Sr ilKt I. C: i: t j; o T . mm ixh ( 7'a -y 4 0 
2) ... Sfp-t^/Ni. a»|S0fftM5^-ri.ffiS«0;^t'J 
-b/H 2t-*'9#-i.o S>^V>{i. »-fe:;Wi. TU-f 1 

0 1 1.) 1 2c^) 3 *.«*ffli7.)ti-, 1->jri^?*)S* 
-feiHf»^'^S»<3?x'Ct)J; a^ia ( 'J 7ruyx) 

1 feiyoA-', Sip-fe/Htc?)«*-fe.'Hi«#a*ii^, 
[0043] 'til/j^i':. . f&fi r 0 J tifell r 1 J .v oPel 
(7) {9u-r^nMzii\^h) !t5gB#Pa^D/2»\ 
ViJ'SStin-Hg^ii?-. (7"O7^'4 04) , Ssp-fe;!-- 
iO*mift^^tiJL*\ W/^'bSlffS^il. (7-n-y74 0 
6) „ ;;?^>^^3 8;i'. Vintg=Vi-ef(C<i:l>Sf\ * 

> flC N T ar .7 Q 9 HfeicTM > U .X y 

SlllfiC ( 1 ) !cJ;-9-Cif:/JD$it, C;it(cJ;-9TCNT 

=c (1 ) +Lr ' 2.t^a-i>... 

[0044] ,X r -y J'A 0 6 >T . il(i'r'<7)Ai^fit 
*\ r ij -fe -y Fb V^X^\zW^%iXh {-fUv9ACi 
8) .> P-ffITJi:;!?'^>3'ftCNTt^t<, t^fhh'X 
= CNTf*^, ;^'>>-^'ttCNTc02i0aSV/, .7°'J 

AA<r^fm\t. ^ix-h^hfl'yy9 3 8(co-H$ixS 
(7"n-y?'4 09) =. ifl^iO. ^'^y^flCNTJi, 
rafilTcomi^fIi3»L.<iS5ESil. 1-^i?-^5C NT = - 

[0045] mmmimiitzmz. mmtitz:^^ 

'J-k/H 2c^.)|i:iHi(state);f/iSJ0SiXl.<. P<^:y-t:;k 

1 0 ) 

[ 0 0 4 6 ] jltPvSiX!t.>< t \} -^IV 1 2 OMSII^m L 



3Si)\ Vintg = Vi-ef!C^^St-.. :^^y:?flC NT 

&^'a.y;7JlliSi[TM>-i?'J.?<> b-ri.« ^itiiD, 
'»^|*)iD;&'^>':5'«CNT*5. f^Falli^C (M) 
iotiilinStL, itLtJ:'3-CCNT = C (M) -Tt 

[0047] fi-^ry^mcnTc^-)-^^ y^i, MK^ixfc 
;<=E U-b.'k 1 2c7)iiafii2rS^-r ( 7'n-y ^'4 1 4 ) ,3 
iR§ix/i X ^ 'J -t /1. 1 2 (J-^ U -t /L ffiaR A^'ffi^ > 
C (M) <.Ttt£h:f.0\-zWf^^^"^y f2 
4armM(cK*S-frl>>. ;!7'^y^'3 8co<i#tfc'3: 
0, ^ntCj:-:>T, «±f4f y t-A> (2£^limW 
ft?.} f 1 J (c^rl). iit, jMtRSix7t><^iJ-fe.;H 2 
*\ iJ-fc:;l-ffitn:R + AR*'a^-^3tii6t) C (M) 
>Ti;^^ J; 3 A-i^i' 2 4 ^t?)-? < D fcS: 

«§ iti. t - * "7 > ^' 3 8 <7MffiMz-^j: ^ . .1 ix{c; i o 
-C, Bl±ffih--yh»^ roj t^rl>, 

[0048] mmi^yi^Mk. 7i--yrA o 2-4 o s 

{i, 3ljD<7)^^:U-fe;H 2S0iSAfl5LfJfci6(cgi9ji$ 

OffiS 7' 'J -t: -y hi- 7v ^ 4 4 o ;!? -7 >• 3 8 1 n- 
H L ( X > h U - ^ L>t ya "/ ? 4 0 9 ) , iiJP 
cO.>(^U-t:;H 2^StKL {7'D'y^'4 10), mM 

<;2>[±iLar*fft {7"D.yi?4 12). t^yy^mcNT 

<7)-f^ yiM'^-l {7'^-y9A 14) i-tlCioT, S! 
[0049] MRAMTAM-:^8*^"1SiESfi.l. J;St{3: 
T'U'-i/gy) ii. 3>-fc°i-^^i07'-br-y7'4', * 

/■cJiWSK. «ii«E, axmiH^ixtMrncom 

[0050] it^^,4iL«)ffc0OTOl?iJt14. ±IBTfJBJ 

^ixtc>-^y.>(~9i:imi. ' Is n?jwix\>^mm 

-L'4ariS;^ai1"'-fct J:^t;^'7>^tt*i'2 5 5^=^:1. 

M^AiilHilffc7)iBm«i, INT [ (292 
-2 5 5/2) ] = 1 Sfcro fi»'^'^>-:^' 3 8{CO- 
H§ix, tlJlfi r 0 J tl^iffil r 1 j coffi^^ 

K 9 1 iDracOftJlK«B#|iaD / 2 IrSt ( 7'a y 9 4 

04 ) . i^afi f 1 J mmix\<-^hm^'^.ii-(r)Mmm. 

L*>Bff ^fL ( 7n -y 7 4 0 6 ) . rixt J; -:)T* 
7> ^'fiCNT!f/i2 5 S/c^ttajD^iXl., imcio. 
;;?'7>:?'fiCNT=2 7 31:^l., ;<?'7>;S'fflCNT{7) 
2 (?)1i^*i7° U -fe "/ 4 4 {ClE'liS ( 7'n -y 

^408) , 7°U-fe7 M':^'7.^'4 4<7)rtW;?7'^>-^' 
3 8t::|fi1SSixX. ZixizX-oX. CNT=-273i; 
^rl. (7'a-y^'4 09) . ;<^'J^^;H 2*«at/?SixT 
(7-n-yi74 1 0) . rm^tifz:^^V-^!Vl 2c7)^W 
|^;^ttiL(Ci; 19 , 7;?'7> ^'(iCNTjf)^-2 9 0?^i(tttSDf 
I, (7'n 7 ^^4 1 2) , m2i7)^«l^.^ti:iLc7)#7B#t 
{4, ;«'»-:5'fiCNTt4jEt:'ft':) (CNT=17) , Z 
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>;ar^-t (70>y ^'4 1 4 ) , 
[00 5 n H5iim2c7)ilf^t-Far*L-tt5*), 2 

:jxl.,'*f&I^V>T , % 1 F t pax-*!. < 
[0052] ^ 1 J ^IB'ltL-CV ^§ W-fe/l. A\ tc^jM 

lfc{=j;o-r»;?§tL(7"n.y^'502) , ^•^y^'ffi 

C N T//C N T = 0 {zmm § tU. ( 7" D ■■/ ^' 5 0 
4 ) . r 1 J t |[i.|f, u 1 1 . 1, ?! ^ IJ -fe }V 1 2 c7)^1»ifL«?'- 
ttiL-i/', ^iXii'h'Mi^iX-h (7n.y7 506) . 

y^S'ttCNT*^, mii.Mxt^-h-^yVQ ( i ) fcltitSn 

Sit-T , CN T = C ( 1 ) t^rl.., 
[00 5 33 r 0 J *:E'iiL TV ^^aiP-t'I'7)\ ^-^OSt 

i t (c J: -o-CjIf(Sii ( 7'D ■•/ ^ 5 0 8 ) , r o j Srlfi 
'ItL-T V ^: 'i -t/l-- 1 2c^)^aMAI±i L//^tTS-ixl> 
(7'P'y7 5 1 0 ) , //'^>^'(ICNT*\ 

m>VQ. (0) fiitiiJpSn^. .riitJ;^), IS2£0 
Mf£^ajL^^.)*m!C{i. ^^>^fflCNT(iCNT 
= C (0) +C ( 1 ) tt^h, 
[0054] |^liT<7)t<?)«*^\ f iL*^^>r U -fe 

4 4 tlE'li.^iil' ( 7'n .y ^' 5 1 2 ) „ r'J -te y 
Y\^V-7-9 AA<r^H^t'^ti^z 1 h"'y )-fi(t>^7 
*'7>-^'3 8tca-F$il^ (70775 13) . ti-^ 
y^h'-y hiOl b'-y h>-7 hii. 7° «J -fe -y vT. 4 
4;^ieil^"-7^:?)^> 7 3 8 (cn- F-f I. J: t 7° 
IJ Az ... h 1. iPx 9 4 4 iCifl'ltSilT l/^l.fit,t>ttT r 2 

> '^'1 C N T{i:C N T = - T, '' 2 i: , 
[ 0 0 5 5 ] ,X t U -t^t- 1 2 s^'SfRSil ( 7"a 'y 7 5 1 

4 ) . ifu/^ffiSTLT ( 7n 'v 7 5 1 6 ) , *7> 7fflC 

r 0 J ^7:-:ii: ' 1 j ^iaitL'CV>l,A^J:''j*^*i¥iJ?E§ii 
l> ( 7 n -y 7 5 18) c i&SD;^ ^: 'J ■fe't-' 1 2 -7 «±, 
1- T/ 2 Ir ;!) 7 > 7 3 8 (CO- F L ( xy h U -,^,B 
^tft-LitT'P'y 7 5 13), -eit*^'^7,r-y7'5 1 4- 

5 1 8arMT-ri'->:!c.tr.-r, M^^ai^ixT J;V\, 

[ 0 0 5 6 ] 114 Jct/H 5 WSA^^t-Cl sl-lft^tf, Li) 
•f^«i:#5S«fl^T-A '3 . M^ai S^xT l^S ^ ^ 'J -b/H 2 
(?)EftJri*]{i;SEfl:L^,-v>, L7>L. M.^^tU^ixt v^^,7 

^u-feA'i 2c^)r3Hii3:, i:tSfl'i!cis^ai$iLi:{±v»^.' 

fi£§^x|.*^Xii*ll§ii&o 
[0057] ^Bss^it, Kiiew5i^ttiL»f'^-c-i±. is^ 



T , jMtK§ixft:.><^'J-fe;H 2t;ie'IS§ixymiO.'Sa 
1 2(c*rt-|.>-^r< t 1 ll]«0»#a^*3j;VM^aiL 
[0 0 58] laeii, mSc^Uff^-F^/i^tTfeD, 

r ^oif^^ic ii 2 -9- >• 7;l.'WK«6^jirL^ ta umfy S ^x 

I.. ;<tU-lr;H 23&^aiR$n (7u-y76 02) 

JE§ixyift«a#PBlllD/2*^':^7y7 3 8(=n-Fgix 
^ ( 7n •77604) o iMtR§ n/S.>< ^^)^)Vl2ff)W^ 
aM.^a!L-^5m*^^>^ff§^x (7ny76 06) . CI 
ixfcJ;-5T;^'!?>'7jl*^"CNT=C (M) +D/2fc^: 
I., :^7>-7fICNT(7)2 cOSIi^Ai'r U -b 'y h V 7 
44fciV;^'>>'7 3 8tiB'ltSix. >I:!xt i-^t . 1 

flTC7)*£7)MB'li$tX^ ( 7P "/ 7 6 0 8 ) . 

[00 59] PsaflT^7)ti'>fI*^15lt5iX|, t , fm^il 
fc7^:U-fe;^l 2c^t&fi(i-m€§ix|., iiiifi r o j 
iO^iiJKSiXTt;^^ U-fe'H 2t:*l'jiiix (7'a-y7 6 
10), 3M#^SiX3tP<* ';-fe;H 2<7)«||S?^tBL#^ 
trS^ixl. (7a-y76 12) , iWci-t'T, *7y7 
ffi»iCNT = C (0) -TX{±CNT = C (0) -C 

(M) -T)/2bt£h. C^xj;0, Wf^^^rf^>'9 2 

[0060] 7';7y7fIC NTT)-^-^ 7*>^-ix*^i^^ 
StX. iat4SnTV>.5)fl*^' • 1 J t-*l.»^ r 0 J f*^ 
fHmii^ixl (7o.y76 14) , >l£7)5S^6ti|5g;;*ai 
tO^fffl:!-, jlfR§iX/^^7^ y-fe;H 2cr)mtm9dM 
§ix|. (7n-y7 6 1 6 ) , if,;2'-[±i$^X/tifeIItt*^ 

r 1 J Thlt^ai. r 1 J li^?$tif^;<^y-t 
/H 2t»^M$il«, tt^tli^iiXTtfiaflzf^' roj t- 
$)l>i:-^!ci3:, »#SL-il)mi:*^T§ix^rV^. 

(i, iftafi roj /jWKSix/c7^y-t:;H 2tcftat 

[006 1 ] I17(.i:. ^4iOttfft-Far5KL.Ti3 9. 
r (7.)ti^-(c{± 3 •9->7=7L7)S|i*a-)iS^*tB t;6^WT$ix 

i,zim^tLrcm73^2mm^iii^ix. KitsixTt r 1 j ^ 
leifsixf^ roj tmcom^mm>\ mMTii^j:< 

m^^ixlAThl. 

[ 0 0 6 2 ] ^ ^ 'i ^^/l- 1 2>t)^;ltR$ix ( 7'0 -y 7 7 0 
2) , ^7y7 3 8*'CNT=0JcWft:SiX-C (7-0 
"/ 7 7 0 4 ) . iltXSiX/t-X^ U -fe/P 1 2cr>mm^lii 
tif2®m'€^ixl (7D-y77 06) . ^ixtcj:-:. 
"C, ^-^y hCNT7yCNT = C (M) ,+0 (M) 2b 
^Xh,. ;^ -!? y h C N T CO 2 coait»^7' U -b ^y F I- 7 

4 4*5J;t>'>{?'>y7 3 8tfa«$ix, rtitcJ;ot, 

flTC0flc7)a//ia'lt§ixl> ( 7a .y 7 7 0 8),. 
[0063] liatl r 0 J *SiItK$ix/i7 ^ U b/W 1 2 
izmt^^tfi (70 777 1 0 ) . jMJK§;ixf^ 
)V 1 2 c7)MmM^^m Lifim^fi l, ( 7n -y 7 7 1 
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( 0 ) -Tfc^c?., mum\M. r 1 J 7fimmhJ-z?<^ 

ij 1 2 iiili ( 7'o 7^714) , fff^^^ 

oX. fl'^yfW:i^CliT--=C (1) +C (0) -T = 
C ( 1) +C (0) -C (M) )-C (M) ittch, 

Six, jffiRSn^:.><* U-fe/t-c^i^ll*"' ^1 J 

*^ r 0 J X-h-'fzMimj^^til' ( 7n -y ^' 7 1 8 ) , 
- L^MTStc, )l#lSifi/c^ ^ U ^2/1- 

i2^?:)fij()\ mxhiximtm^ixh (fuv9i2 

0) , 

[0 0 6 5] HSJj, ^S^Iijf^t-K'SrTKUtfcO, 

C^O^50t-Ki:S4 5D^:-F>:iOffl3t,'#.{i. * 

y b C N TTmrnH { 7"o -y S 0 4 ) «f^t . ^ 
iJ-fe/H 2f)lrL^,1iL*'2L[51ll^fS^t (yn-y^-SO 
6) , ]WlK^i'ltZy<i^}'b:iW\.(/) "Oj iOl^^Ji^ (7" 
n-/? 8 1 0 ) O'^t?- LigcomaiK^aSL^^'^ff §ii 
( 7'n .7812) , SR$ii3'2:.x^ 'J r i j 

comt' ( -y 8 1 4 ) L0<7)^ail«^ 

•ret-. L>it*i), 

[ 0 0 6 6] i5IJ t l,t . L = 2 I. t.^^A 

;H 2*^jaR§^^ (^■n7^'80 2) , :^r'?y:S'ttCN 
TA'O iClJjRIfkSilT ( 7"n ^y 8 0 4 ) . StRSfif.! 

^: U -fc/H 2 (?)^li^Aii5 L**'4 llj^ff $il ( 7"a -y 
? 8 0 6 ) . * yi'iiC N TiO 2 iO«*T>lllT<7Jt 
colli: U-CiB1i$n ( T'n -y ^ 8 0 8 ) , IftaM ^ 0 J 

10). mnm^ii'A t // 2 mmmh ( ^'n .y :7 s 1 
2 ) . mmm r 1 j mm^^ifcj<=tv'tivi 2{zm^ 

&tti ( 7"n -y ? 8 1 4 ) . § ^,t=2 HlO^W^^ai t 
■/)>B^T§n?-> (7"^7:^'8 1 6) o 
[0067] :d'^y:^7(ac NTcO-t^ y*<^il*»fe1^ 
Six, ^t'J-fe;H 2tf21i§M»fa^^' r 1 J t'S> 
ofcA^ ro J -C-$>-o/::>9wflg$iil. (ra-y^'B 1 
8) , J:iOte«fr^lft^AaiL«MT#^<:- miK&fitz:^'t 

8 2 0 ) , 

[0068] mbm- Fti, m''.>^-llft^*l tTV^ 



[0 06 9] SI9BJ:t/'iai 0(4, Nf-y ^<7)r'J^:•y 

ii, fj^yi^s scnm^b r U ^ y F ^ ^ 4 4 co« 

i^X:? 2 0 Ocril^ 2 0 2i^lX\--^h . Z.^) 
Vi/X9 20 2\t. 1 t'-yh«0/f^V^'ffl^i5'fi|-ri>T 
S7 i; .yr7a •yr2 0 4 *-a'/vt:-w>|,, Z(r)7 U 'yT 
7n-v7"2 0 4{3:, ;'n'y ;'Al5CLKfcj;lA'Qai,tl2 
0 6 *:-^/vtn- , 7 U V ry a 'y r 2 O 4 <7)A^)fci^ 
iflifv-/9}-JjCLKff) roj *»^> ri J ^(JDSf^lc 

yj -y7°7O-yr2 0 4«F^S:^i'5, ^ 1 J 
r 0 J ^vXii; r 0 j /j^^j r i , a,^ h:P'')i'tl. ^'o-/ 
9Kf]C L K/ji r 1 J A^f, r 0 J ^NS^-tl. i: . 7 'J -y 

[0070] \y>X9 2Q2\i. mi««2 0 8lr-ir 
^T'■V>I,. iiOmi^^IllSi2 0 8{i7'y^2 10S:#^ 
ffcD. c:ix*^\ 7"J-fe'vM^>'-7-^44i501b""/ht 
itJCt * >• 5' (1^0 1 1:~ 'y h A< , 1- 7 >■ v'X ^' 2 1 
4c7)> 7 1- /KIsA^I 2 1 2 {-ftih-hf- V ) ^tnji 
y^irnhZUZ^ oX. 7 'J -yT7n-y7"'2 0 Atf^hy 
•v=}-2 10i,z^A^iXh. 7>yf-2 10{i, 7'U^^■yh 
_ T'^h!±!i]2 1 6$r^'LTVi|.. iwr'J-fe^ h„_T 
^;Mlit)2 1 6i±. Qta^3 2 0 6t?)«S:l6ffi-tl>« 
[0071] ^i>';?.^'2 0 2{i:. 7U •yr7n.yr2 0 
4 ^ I J ^ v t- 1 1. /j^Xti 7 «; 'v r 7 n -y 7' 2 0 4 7° U 
-fe -y MI(:|ft£tl>»2iO0S&2 0 8 7 
ij .y 7"7 n -y 7' 2 0 4 (5 . li -fe 'v h A:^1 2 2 1 tA";l^X 

iif^X'S I" . 7 'yy"7 a •y7°2 0 4*iiJ -t -y b Stl|.fl 
14, U -te >y h h 7 y i/';^^ 2 2 0 ^^JtJfGN D 
|,*\ fl:jIl:EVDDC?l*-'3'll>-A\ t/-c!4?(-w§t 
J; U -te -y h--^ > Al3 2 2 2 lC*l&§il7'c«t::§lA^ 

[ 0 0 7 2 ] 7 U >yr7n •yr2 0 4«4, ^ 1 iOr»J -fe 
vhA:)]2 2 4tv\Vl/X^jM'9. .liltl-oTrU^:"/ 
h„T'>fti4-t)2 1 6S:l*ia5y-H2 2 6C^-&S-ti:l> 

.1 It i ^ 1 'J 1^ litcses tlhZ.tt^ 

X'%h. 7'J-yr7n-y7°2 0 4ii;, ^2(507°'J-fe v h 
A^l 2 2 8 \zn)VX i m 0 . 7° U -t -y b 2 > A"^ 2 
3 OcOfllrl^gP/- K 2 2 6 icMutI) ^ i: J: -^T , 

m 2 cor\) -te "/ hmiz^^^tLt -1 1 *5t'# § . 

[0073] NAND3^'-h 2 3 2*3 J;V-^ y-K-^2 
34^;^, 71) ■y7°7O>y7°204icM-tl.^D-y^CL 
K Afcit/C L K B Sr*lft-r^ » 

[0074] <kizm 1 0 lr#.^.tl. t , -^ftNStOl^i^' 
X^- 2 0 2*i"-WC^.--:>t. Nfc"-y hWU-fe-/ b^tl 
T> y ^' 2 0 0 SrffM L t ^■S> , ST (if y b L S B 
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7 n ■■/ A:n C L K & hX ^ ^ I i)^ . *i:ffiM S B 

? a -y A^)(^.^ 1 ^'/l.-^//* > ffiC N 1' = 0 
0 ... 01 i ^itl.BS; L , LSBcr)^a -y a::']<?)-^ 2 
./l-X//;^'>> :J'(1C NT= 0 0 ... 1 O2 Sriffit, L S 
BO^' o -y j?A:^^^^3^o^^^^^;^*"'^'^ >^ifiC NT = 

0 0 ... 11 2 I. . =fr t's'><t t^-S ■> 

[0075] l- ? 2 0 2 CO U -fc: 'v h A^l 2 2 1 ^ZJ ^ 

A:7.immi-hibT. ^^yy^mcNT-fyK mram 

r'AM X80 1 F(cEpJll$n/tTxi'/l- V- F 

{ilJ-te'vh§tll., -WciO, ^•';>'3'(ilCNTA\ 
- 1 (11...] 1 i ) - T)/ 2^j:ii(^)X 0 'kmzix& 

[0076] MS B(7)7'') -t f 2_^ yX.f) 230 

i± . mwMwy D D iztm § iit v > i. , v =jx^2o 

2 WU-fe •/ 1-_T'^ MJB:^ 2 1 Gti. <J:(CTfii7.)V i^' 
7s ij -t -y 1- 2 __--( >7v^] 2 3 0 ttSS^tl-C V >|, 
ftTiat' .y h L S B<?)<^X)WrC'i> -^T , L S Bi?) 
7°y-fe>y h_r'^Fai^J2 1 6{4:t-7'yc0i^(C^'> 

[0077] #1- 2 0 2 cOi-- 7 h /UB.A'h 2 1 
2 j: 1 <7J ij -t 'y I- A+) 2 2 4 X sr EP JPt 

-x^ 2 0 2<r>>y v/mKfi 2 1 2to j;{/B2cor iJ 

-b ^y f A;'! 2 2 8 n°;1- .X «r EPilBl" .^Clfcti-oT. 
[ 0 078] mm 1 1 ^#{it I. . # K/HW R A 

M-1- -7 r 1 0 0 tsmMCZ V^h. .liOM R AM^ -y 7° 1 

0 0 (4 , z ii<7:)^ ^ 1; -fe/i-K/ui/cii^E 1 0 2 ^-Ir 
^* , il *^ltK 1 0 4 ±lc z tWl S ifC V ^ h 

J: £7)8 Z (.4 , Z is 1 i7)Ei?jStt:-*) ^ ^: 'J -fe'l- 1'^ 

;l- 1 0 2}i; , r.K(l:> 'J 3> c7)J: diraSttMfi (H* 

* S Th^mMi. - « 1 0 4 c7:)± tifM S t J; V 

[0079] ifOj; 3 tC. rjfW;§i-Li,MRAMfA^ X 

(CM-t h M R A M r X£7);S.S*>\ ^Vl. . 

[0080] r -b > XiftM^ti, fiKffl^D cm 



JI Vref *!^^ht 1. 1 , =^ ' ^'mE V intg*^'S¥« 
E Vref (CfiJii-r & 4 T-(7)B§P0l t S-fC-f ^ . 

[0081] ^'j^)\-^vxnmzm-hm'im% 

li-i'JNt'-y f;!?^>'^5'*>, M:M12. KIS 

(real estate) ifii. mm^\zmmtl. Z.iX 
(Ci'X f ^^i^/Hr^XlSlim, J;0at."-y^cO?iJ« 
^itcy 'y hT-§^«. 

[0 0 8 2] *l|BBKJ:l'MRAMT^^-<:^{i. Jfiv^lE 

H^oT r iJ j^- 3 y xm t ii# !> <. a 1 2 ! J: , 10 
l.il>_!7;)MR AM^ 7 r 1 0 0 \<zn-fh-mwrr^i 
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